termed the spin-adduct. The nitroxyl free radical spin-adduct is usually much more stable than the free radical therefore making it possible in principle to characterize the original free radical trapped using electron paramagnetic resonance methods 2 . Shortly after beginning the use of nitrones to trap free radicals in analytical chemistry, scientists then began to use nitrones to trap free radicals in biochemical systems with reports first appearing in 1975 4 and 1976 4 .
Experimental Section
The FT-IR spectrum of the compound was recorded in Bruker IFS 66V spectrometer in the range of 4000 to 400 cm- 1 . The spectral resolution is ±2 cm- 1 . The FT-Raman spectra of this compound was also recorded in the same instrument with FRA 106 Raman module equipped with Nd: YAG laser source operating at 1.064 ¼Àm line widths with 200 mW powers. The spectra were recorded with scanning speed of 30 cm-1 min-1 of spectral width 2 cm- 1 . The frequencies of all sharp bands are accurate to ±1 cm- 1 .
Computational Details
As the first step the optimized molecular structure, energy, and vibrational frequencies of the molecule have been calculated by using B3 6 exchange functional combined with the LYP 7 correlation functional resulting in the B3LYP density functional method at 6-311++G(d,p) basis set. All the computations were performed using Gaussian 03W program 5 and Gauss-View molecular visualization program package on the personal computer 5 . Secondly, a comparison is made between the theoretically calculated frequencies and the experimentally measured frequencies. In this investigation we observed that the calculated frequencies were slightly greater than the fundamental frequencies. To improve the agreement between the predicted and observed frequencies, the computed harmonic frequencies are usually scaled for comparison. In this work the scaling of the force field was performed according to the SQMFF procedure 8 , The descriptions of the predicted frequencies during the scaling process were followed by the potential energy distribution (PED) matrix. The characterization of the normal modes using potential energy distribution (PED) was done with the MOLVIB -7.0 program written by 10 .
Molecular geometry
The structure of the molecule with numbering scheme for the atoms is presented in Figure 1 .The optimized structure parameters of 2HPNPN calculated by DFT /B3LYP level with 6-311++ G (d, p) basis set are presented in Table 1 . The results are compared with the available experimental data of similar systems, as data of crystal structure of 2HPNPN is not available 8 . The calculated C-C bond lengths of the ring vary from 1.36 to 1.45 Å.
However, the phenyl ring appears to be a little distorted from its regular hexagonal symmetry as the computed bond lengths: C10-C11, C10-C15, and C4-C5 are larger and C14-C15, C11-C12, C8-C9 are shorter. Breakdown of the regular hexagonal symmetry of the phenyl ring is also evident from the decrease in values of the bond angles C5-C4-C9, C11-C10-C15 and the increase in values of the bond angles C4-C9-C8, C1-C10-C15. The changes in the bond length or frequency and breakdown of regular hexagonal symmetry of the phenyl ring are attributed to the changes in charge distribution on the carbon atoms of the phenyl ring on substitution with hydroxyl group 9 . The structure of the molecule deviates significantly from planarity because the two phenyl rings are rotated around the C-C(N)-C axes. The central bond angle C10-C11-C12 at the carbonyl group is 120.27 ae% . The DFT/B3LYP values for all the bond lengths and bond angles have deviation of 1% of the experimental results. The total energy obtained by the DFT structure optimization for the title compound was found to be -707.25896 Hartrees.
Vibrational Assignments
The compound under investigation of 2HPNPN has 75 normal vibration modes and the detailed vibrational band assignments have been made based on normal co-ordinate vibrational analysis (NCA), normal mode descriptions characterized by PED are depicted in Table 2 .
The compound under investigation possesses Cs point group with 75 degrees of freedom. The assignment of the experimental frequencies are based on the observed band frequencies in the FTIR and FT-Raman spectra of the 2HPNPN, confirmed by establishing one to one correlation between observed and theoretically calculated frequencies. For the plots of simulated IR spectrum pure Lorentzian band shape is used with a bandwidth of 40 cm -1 . Figure 2 and 3 show comparative representations of theoretically predicted FTIR and FT-Raman spectra at B3LYP/6-311++G(d,p) level of theory, along with experimental FT-IR and FT-Raman spectra respectively. From the PED calculation it was clear that many vibrations have a high degree of mixing with other modes, therefore we provide the following tentative assignments for almost all intense spectral features in the vibrational spectra of the molecule. 
OH-Vibrations
The O-H group gives rise to three vibrations (stretching, in-plane bending and out-of plane bending vibrations). The unbonded or free hydroxyl group of alcohol and phenols 11 Table 2 . The NCA confirms that the out-of plane bending vibrations is not a pure mode.
C-H vibration
The hetero aromatic structure shows the presence of C-H stretching vibrations in the region 3100-3000 cm -1 , which is the characteristic region for the ready identification of C-H stretching vibrations (mode nos 39-29) with maximum PED contribution of 62%. In our present study all these C-H in-plane and out-of plane bending modes of the title compound are assigned within the said region and are presented in Table 2 .
Ring vibrations
The . All these assignments are agreed well with the reported literature. These assignments are confirmed by the theoretical observation by B3LYP/6-311++G(d,p) method and PED calculation. The PED contribution for this mode is a mixed mode it is evident from Table 2 .
CONCLUSION
A complete vibrational analysis of 2HPNPN has been performed by DFT method with B3LYP/6-311++G(d,p) basis sets. Detailed interpretation of the normal modes has been made on the basis of PED calculations. The optimized geometry is tabulated in comparison with the experimental XRD data and well discussed. Thus the present investigation provides complete vibrational assignments, chemical shifts and electronic properties of the compound.
